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Abstract

In general, it is impossible to obtain the exact solutions of
problems in fluid mechanics, due to their governing equations are a
very complicated system of nonlinear equations. Hence various
numerical methods are presented for solving these ones. The finite
difference (FD) method and finite element (FE) method are two kinds
of usual methods. In many cases it is enough to obtain moderately
accurate solutions at a few points. But one has to use a large quantity
of grid points in order to obtain moderately accurate solutions at a few
points as the FD method and FE method are adopted. Thus, a large
quantity of the computational workloads and storages are required
when these methods are used. However, for the differential quadrature
(DQ) method proposed by R. Bellman in 1970, it only needs applying
a few grid points in order to get high-precise solutions. Furthermore
the DQ method possesses advantages including easy to use and
arbitrary to choose the grid spacing. Hence the DQ method has
attracted many researchers attention in recent years.

But the traditional DQ method is only suitable for solving
problems with regular domains and there is lack of upwind
mechanism to treat with the convection in the fluid flow. In order to
make the DQ method appropriate for solving problems in the fluid
mechanics with irregular domains, a localized DQ method having
upwind mechanism (ULDQ) is proposed in this dissertation. By using
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the ULDQ method, some numerical results for incompressible
two-dimensional flow problems of viscous or viscoelastic fluid
coupled with heat transfer are obtained. The main results contain as
follows:

(1) Because there is a lack of upwind mechanism to characterize
the convection of the fluid flow in the traditional differential
quadrature method, so the numerical experiments for fluid flow are
usually defeated as the Reynolds number are larger. In Chapter 3, at
the every temporal iterative step, a prediction-adjustment method in
which at first the traditional upwind difference scheme is applied to
predict for convective terms, then the DQ method are used to adjust all
terms in spatial variables. This method is called the mixed differential
quadrature method. By using this mixed method the numerical
experiments for the coupled problems of two-dimensional
incompressible Navier-Stokes equations with heat equation are made
successfully. The results obtained show that the mixed differential
quadrature method is appropriate to solve the fluid flow with higher
Reynolds numbers. These results also point out that the mixed
differential quadrature method owns advantages including the good
convergence, high accuracy and less workloads comparing with the
conventional differential quadrature method.

(2) Although the differential quadrature method has been applied
to solve various problems in fluid mechanics successfully, it is limited
with regular domains and an absence upwind mechanism to
characterize the convection of the fluid flow. The upwind mechanism
is directly introduced into the traditional DQ method and a
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localization technique is applied to deal with the irregularity of flow
regions in Chapter 4. The DQ method improved above is called the
upwind local differential quadrature method. By using this method,
the numerical simulations for the coupled problem of incompressible
laminar flow with heat transfer in an irregular region are made
successfully. Comparing with the low-order finite difference method,
the upwind local differential quadrature method is more accurate and
it only requires less computational workload.

(3) A problem of two-dimensional steady flow for an
incompressible second-order viscoelastic fluid between two parallel
plates is discussed by using the perturbation technique in Chapter 5.
By expanding the governing equations with respect to a small
parameter, the zero and first order approximation equations are
obtained. By using the differential quadrature method and an iterative
technique presented in the thesis the numerical solution is obtained
successfully

The numerical results show that the effect of elasticity of fluid
upon the flow is evident at the entrance near the wall and weak far
from the entrance. At the same time, the results also show that the
more accurate numerical solutions with a few grid points can be
obtained when we use the DQ method.

(4) A P roblem of two-dimensional steady flow of an
incompressible second-order viscoelastic fluid coupled with heat
transfer between parallel plates is discussed. A viscous dissipation
function is included in the energy equation. When the elastic property
of the fluid is weaker, the zero-order and first-order governing
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equations are gotten from the perturbation method. In order to obtain
highly accurate numerical solutions near the tube wall, the
half-domain is divided into two sub-domains, in which one is thin
near the wall, it is the inner domain and another is thick, it is the outer
domain. The governing equations in the inner and outer domain are
discretized respectively by using DQ method. The matching
conditions at the interface are presented to link obtained discrete
governing equations and we call this technique the technique of
splitting domain. An iterative method for solving these discretized
equations is given in Chapter 6. By the DQ method and technique of
splitting domain proposed here, the numerical simulations for the
problem of two-dimensional steady flow of an incompressible
second-order viscoelastic fluid coupled with heat transfer between
parallel plates are carried out successfully. The numerical results
obtained are in agreement with existing results qualitatively. From
these numerical results we can see that the effect of elasticity on flow
near the centerline is slight and the effects in the interface and near the
wall are strong. At the same time, the numerical results also show that
the differential quadrature method with the technique of splitting
domain is a very efficient method and it owns advantages including
the higher accuracy and good convergence as well as the less
computation workload.

Key words differential quadrature method, Navier-Stokes equation, heat
transfer, viscous/viscoelastic fluid flow, irregular domain, upwind

scheme
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Chapter One Introduction

1.1 Background

In the resent years, the research of fluid dynamics, that is a
branch of applied mathematics, has given an impetus to develop the
theory of partial differential equations, theory of complex variables,
vector and tensor analysis and nonlinear methods. Although the
existing numerical computational software has become a common
and effective tool of design and planning, the research to develop
efficient numerical methods for solving partial differential equations,
especially problems in fluid dynamics, has become an important
topic.

To study fluid flow problems it is necessary to know fluid
properties, for example, density, specific weight, specific gravity,
absolute or dynamic viscosity and so on. More details about these
properties can be found in any textbook of fluid dynamics, such as
Munson et al''! and Franzini and Finnemone'”. Furthermore, it is
also necessary to set up a rational mathematical model describing a
particular flow phenomenon. In fact, the problem of real fluid flow
is of great complexity due to the many physical effects and a
considerable set of non-linear partial differential equations involved.



